INTRODUCTION
Environmental health arises out of a dynamic, complex ecology, where numerous factors influence public health outcomes. (Nisbet & Gick 2008) To eliminate or reduce harm from an environmental health hazard, social economic models confirm that typical market-based solutions are often insufficient because the creators of a specific hazard rarely bear the full costs associated with the hazard (Sandmo 2015) . Instead, lasting environmental health improvement comes from a multi-prong, multi-method effort involving coordinated leadership and support from a variety of actors (Ostrom 1990 ).
To help guide efforts to create lasting improvement in the midst of such dynamic complex systems, we have developed a framework, which we call "I-ACT," that acknowledges that the path to improvement is not linear across time and place. Our objective was to develop a holistic, policy-oriented framework that will allow environmental health researchers, educators, and administrators to identify gaps and essential work that can be accomplished with their unique roles and skillsets. I-ACT can be used by any stakeholder at any level -individual to national health ministry -to offer specific direction based on the analyst's role and capacity.
I-ACT identifies four key drivers that influence how an environmental health aim will be achieved:
(1) "I": robust Information systems, (2) "A": level of Awareness; (3) "C": Coordination and leadership; and (4) "T": application of evidence-based Tools. (Figure 1 ) I-ACT is based on principles of law, public health, economics, adaptive management, and improvement theory. As a result, these drivers are far-reaching, qualitatively observable, and can be addressed in multiple ways. I-ACT can be applied prospectively or retrospectively to a variety of chemical, physical, and psychosocial environmental hazards (Figure 1 ).
The focus on working towards an environmental aim is what differentiates I-ACT from several
alternative frameworks that have been proposed primarily in order to identify and quantify environmental public health hazards and assess agency capacity. The Pressure-State-Response (PSR) framework, along with numerous expansions and variations, support I-ACT's Information driver by guiding the development of appropriate and useful indicators to track driving forces and impacts over time (Gaglio, Shoup & Glasgow 2013; Glasgow, Vogt & Boles 1999; Integrated Environmental Health 2017; Hambling, Weinstein & Slaney 2011) . Additional integrated environmental health impact frameworks developed guidelines for more comprehensive identification of the multi-causal and potentially non-linear relationships between the environment and public health assessment (Integrated Environmental Health 2017) . They can be thought of as a critical first step toward achieving aims and also part of the 'Information' component of the I-ACT framework (Kjellstrom et al. 1995; Briggs et al. 2008; Hambling et al. 2011 ). The University of Washington's Northwest Center for Public Health Practice adapted the 10 Essential Services specifically for use by environmental health agencies (Lynn, Fulop, & Wickham 2007) . This adaptation is useful in assessing organizational and/or institutional capacity and programmatic gaps but unlike I-ACT, is not intended to plan and measure improvements toward a specific, measurable environmental aim. Other differences between 10 Essential Services and I-ACT are that 10 Essential Services is intended for use by agencies and not relevant to other actors such as lay persons, advocacy groups, politicians, and industry groups who seek to design or strategically guide initiatives.
I-ACT Drivers
Information is the first driver influencing an environmental health aim, and critically important in part because increased knowledge has the potential to correct some market imperfections. Relevant information includes identification of the sources, types, and severity of pollution, estimation of individual and population exposure, analyses of temporal and geographic patterns, identification of at-risk and vulnerable groups, measuring the severity and extent of exposure-related morbidities, and identification of threshold standards for safety. Information significantly impacts the other three drivers of change by building awareness and promoting coordination and leadership. Without baseline information, there is little motivation to achieve the aim.
The second I-ACT driver influencing environmental health aims is Awareness. Support for an aim requires a certain level of public awareness to support (a) a sense of urgency, (b) a belief that the problem can be solved, and (c) a belief that there is a trustworthy system in place to ensure accountability.
Awareness of available information along with accountable leadership ready and willing to use evidencebased tools can result in a motivated, organized society prepared for change (Glasgow, Vogt, & Boles 1999) . Analyses of media and educational campaigns are simple ways to measure public awareness, preferences, and beliefs, whereas documenting governmental awareness is less straightforward but vital both at the administrative and political level.
Good Coordination and leadership, the third I-ACT driver, yields a guiding coalition that leverages talent and resources, serves as a communication hub, identifies strategies for action, and builds consensus across citizen, business, and academic sectors. Strategically and systemically creating real improvement in a complex system depends on agents across the policy spectrum learning how to work together to achieve a shared aim (Susskind & Schulman 2012) . Measuring the level of coordination takes into account (a) the allocated budget (b) method of financing to assess whether the funding stream is short term or reliable for long term planning purposes, and (c) legal analysis of distribution of authority among levels of government and between government and market.
Environmental policy Tools are techniques with which government wields power to improve or prevent deterioration of the natural environment in accordance with society's values. When people believe that tools are available to achieve the aim, coordination and leadership emerge and resulting information 4 sharing leads to even greater awareness. Legal tools include policy instruments such as taxes and other economic (dis)incentives, source control through emission limits, spending on infrastructure, altering the informational environment through communicative instruments, altering the built environment, and enforcement action (Gostin 2008; Mickwitz 2003; Vedung 1998) . Evidence suggests that some of the most trusted tools include legal regulation of source, market based instruments, and disclosure strategies (Bennear & Coglianese 2005) .
Noise pollution and public health
Environmental noise is a ubiquitous pollutant that produces acute and chronic stress on exposed individuals and is associated with significant health impacts. Although the lay public may contend that noise pollution's effects are limited to noise-induced hearing loss and annoyance, the overwhelming scientific consensus points to noise pollution as having far more pervasive effects through the "stress process model" of environmental health. Noise pollution taxes and in some cases exceeds the adaptive capacity of an organism, resulting in psychological and biological changes that place individuals at risk of disease (Munzel et al. 2014) . Consequences of exposure include sleep disruption and reduced sleep quality, increased risk of cardiovascular disease (including hypertension and myocardial infarction), performance degradation, stress and mental health conditions, and adverse reproductive outcomes (Hammer, Neitzel & Swinburn 2013; Munzel et al. 2014; Munzel et al. 2016) . These health effects can occur through direct physical damage or chronic metabolic stress in the hearing mechanism, as well as through hormonal pathways (Parker et al. 2004; Hammer, Neitzel, & Swinburn 2013) . The World Health Organization (WHO) estimates that at least one million healthy life years are lost annually due to traffic noise alone (Burden of Disease 2011). This estimate would likely be much higher if additional common sources of environmental noise, including aircraft, rail, and construction noise, were considered.
We applied our I-ACT framework of change to the problem of noise pollution because it is a pervasive element in the natural and built environment and has broad and substantial impacts on environmental health. From an economic standpoint, noise can be considered a classic "negative externality," such as water and air pollution, where the producer of noise does not bear the full cost of its impact (Mishan 1993) . Although air and water are widely recognized as resources harvested in an open access situation, creating what economists define as a "tragedy of the commons" situation, quiet environments are rarely treated as a public resource (Management Policies 2006) . Due in part to the 5 insidious effect of an overly simplistic public perception of noise's effects on health, noise pollution is often viewed as an unavoidable by-product of desirable technologies, transportation, and recreational activities.
Despite these unique challenges, control of noise pollution is relatively straightforward compared to other pollutants. While source control is the most cost-effective regulation, accomplishing measurable change to the ecological framework for noise depends upon multiple interventions to address interrelated risk and identify multiple drivers of change (Parker et al. 2004) . Applying the I-ACT method to environmental noise will serve to demonstrate how I-ACT can be used as a planning and evaluation framework to improve environmental health. (Figure 1) In our analysis below, we discuss the I-ACT framework as applied to environmental noise pollution (i.e. unwanted sound in the environment) in the United States (US), the Netherlands, and the United Kingdom (UK). We selected these western countries due to their relative similarities in law, government infrastructure, and economy. For example, each country has a judicial branch, an executive head, and two bodies of elected representatives. All three democracies share a stable and mature government infrastructure designed to protect the health and safety of its populace. However, the US is not in the European Union (EU) and receives neither directives nor guidance from EU Noise Policy. Unlike the US, both the Netherlands and the UK have been members of the EU for some time, and the UK will remain so through at least 2019. The UK and US are larger in both size and population than Netherlands; their cities of over 8 million people likely have greater density of urban noise than smaller Dutch cities (UN 2015) . And finally, environmental noise that has been measured in each country suggests that environmental noise in the Netherlands and UK has remained relatively stable over time, while noise in the US has grown. (Fecht et al. 2016; Weber 2013; Hammer, Neitzel & Swinburn 2013) Our analysis had two goals. The first was to illustrate applications of the dimensions of I-ACT, providing a better understanding of its potential uses in analyzing and planning improvements in environmental health. The second was to offer recommendations for ways in which the framework can be used to plan and implement strategies for change that optimize environmental interventions for noise pollution in particular.
METHODS

Case studies
In the following application of I-ACT, we present brief case studies of noise policy in the US, Netherlands, and UK. In all three countries, the 1970s saw a rise in environmental health regulations related 6 to noise along with heightened attention towards air and water pollution. All three countries have legislated noise policy goals and granted a leadership role to a specific entity.
The cornerstone of the I-ACT framework is a carefully identified and measurable aim, which entails articulating the specific improvement being sought. We begin our review of each country with a brief discussion of the context and aim of noise pollution regulation. We then apply each of the components of I-ACT. Specifically, we describe each country's information systems, awareness and beliefs, coordination and leadership, and tools and interventions. We then summarize differences and similarities, before exploring how I-ACT may help identify ways to maximize environmental interventions that protect health.
RESULTS
A. Case Study: United States (US)
A1. The aim of US noise control policy
In the US, federal interest in environmental noise pollution peaked in the 1970s, when Congress passed the Noise Control Act in 1972 and gave the US Environmental Protection Agency (EPA) authority to regulate noise emitted from construction equipment, transportation equipment, motors and engines, and electrical and electronic equipment. The aim was "to promote an environment for all Americans free from noise that jeopardizes their health or welfare" (Noise Control Act 1972) . In 1978, the EPA's authority was expanded with the Quiet Communities Act. Although the responsible EPA office was dissolved and funding was withdrawn in 1981, over twenty attempts have been made to reinstate the Quiet Communities Act (Congress.gov 2015) .
Although the US currently lacks a clear national organizational structure, the aim of "promoting an environment free from noise that jeopardizes health or welfare," as articulated in the Noise Control Act, has not been repealed and is still is in effect. Hence, for the purpose of this paper, we define the US public The key informational element necessary to reach the aim articulated in the Noise Control Act ("promoting an environment for all Americans free from noise that jeopardizes their health and welfare") is an outcome measure that shows how the number of Americans exposed to harmful noise is changing over time. This is perhaps the largest data gap in the US: there is currently no information system that would specifically measure progress towards the articulated aim. The EPA began to gather baseline information on millions of Americans exposed to unsafe noise levels in the 1970s and 1980s and recommended exposure limits to prevent various health outcomes; these data are now obsolete ("Information on Levels" 1974). The latest estimate suggests that 104 million Americans are exposed to noise that jeopardizes their health, putting them at risk for cardiovascular disease, noise-induced hearing loss, and other health effects (Hammer, Neitzel, & Swinburn, 2013) . The lack of US-specific data on these issues impedes movement in the other three I-ACT drivers of change. Awareness, development of tools, and coordination and leadership all depend on specific, accurate, and timely information. Creation of strategic noise maps of road traffic for some cities, counties, and major highways following guidance from the US Federal Highway Administration, can also support efforts to impact noise pollution by capturing one important source of noise (Procedures for Abatement 2010). In addition, air traffic noise complaints are tracked and occasionally compared with noise measurements and air traffic patterns (Noise Oversight Committee 2015). Existing research also provides context on the health cost savings that come from reducing noise levels (Hammer, Neitzel, & Swinburn 2013; Swinburn, Hammer & Neitzel, 2015) .
However, as a whole, the US appears to have a weak information system with regard to noise pollution.
b. Awareness
Media analysis is one way to understand citizen awareness, preferences, and beliefs. No macroanalysis of noise in the US media has been done, but informal assessment of media coverage suggests that although there is regular local reporting on noise, the media and public do not have a high level of awareness of its health effects (Hammer & Betzler 2013 ). It is rare that the media educates the public about the health impacts of noise beyond annoyance because noise is rarely framed as a health issue (Fleur 2015) .
Media reports also reveal a low level of confidence in noise reduction efforts due to a poor system of accountability (Kelly 2015; Lacy 2015) . Even in situations when a single regulatory body or industry is addressed, the media does not suggest that the noise issue can be resolved (Chicagoist 2015) . There may be a correlation between lack of health knowledge and low confidence in mitigation options and accountability. Finally, some cities have the potential to use local noise complaint data to create noise control strategies and educate the public. However, dissemination of this information to increase awareness remains rare (New York City 2015).
c. Coordination
Coordination in the US is relatively weak because the federal agency with authority to lead has been effectively restricted from activity for decades. Congress eliminated funding for the Noise Control Act in 1981, but did not repeal the Act (Shapiro 1991) . The aim remained and the EPA maintains authority to lead.
But without funding, it lacks the resources to lead in practice or coordinate efforts. There is no leader to do the costly work of collecting, analysing, and disseminating data and best practices regarding noise. After the Act's defunding, federal support to states and guidance to local authorities quickly waned (Shapiro 1991) . Policy, regulation, and education all have the potential to reduce the environmental health impacts of noise. Source control is arguably the most effective tool for reducing overall noise levels (National Academy 2010). In the US, the EPA passed source control on four types of noise-generating equipment beginning in 1977: air compressors, motorcycles, medium and heavy trucks, and truck-mounted waste compactors. But the extent to which these source control measures reduced noise exposure has not been studied in the field (Transportation Equipment 1977) . The FAA also implemented source control as evidence emerged that this tool results in significant reductions in noise (Waitz, Bernhard, & Hanson 2007) .
Tools with less robust evidence include taxes, spending and government procurement, mutual agreements, and emission trading schemes (Gostin 2008) .
Other strategies to reduce noise exposure include altering the built environment through zoning or noise barriers and altering the informational environment through labeling, educational campaigns, and other disclosure methods (Hammer, Neitzel, & Swinburn 2013) . These tools do not directly reduce noise Nongovernmental organizations, such as NHCA, can also provide input regarding labelling. However, ultimately, the US public relies on self-policing by hearing protection manufacturers.
A3. United States Summary
According to the I-ACT framework, the four drivers are strongly interrelated and dependent on a clear aim.
Although the US has a concise and measurable aim and shows evidence of coordination, it lacks leadership to provide guidance toward the aim. In addition, with no clear funding source, the ability to collect and disseminate meaningful information and best practices is limited. Without this Information, the public likely lacks confidence in its ability to use tools to affect change toward the aim.
B. Case Study: the Netherlands
B1. The Aim of Dutch Noise Control Policy
The Netherlands benefits from a number of measurable aims related to noise exposure. This informational infrastructure allows the Netherlands to assess whether the aims defined in the Noise Abatement Act, the National Environmental Policy Plans, and related regulations have been achieved.
For example, the percentage of people who are highly annoyed by road traffic noise has been constant for over 25 years, at approximately 30% (Franssen et al. 2004; van Kempen & Houthuijs 2009 ). Around 70% of dwellings are exposed to L DEN noise levels >50 dBA by road, railway or air traffic (Jabben, Verheijen, & Weber 2013) . Analysis of noise maps indicated that, in 2011, 2.6 million inhabitants were exposed to noise levels above 55 dBA L DEN due to road traffic within cities (Woudenberg 2013) . Some of the most persuasive data reveal that noise contributes approximately 1-4% to the total Disability Adjusted Life Years (DALYs) in the Netherlands (Knoll & Staatsen 2005) . Researchers estimate that 36,800 healthy life years are lost due to road and rail noise exposure ). This robust informational environment creates momentum on other fronts.
The Netherlands' information on the burden of disease from noise influences the other drivers by building awareness, mobilizing coordinated leadership, and revealing which tools have been successful. For example, noise monitoring along a high-speed rail line from Amsterdam to Brussels informed citizens and decision-makers regarding the effect of rail noise emissions on dwellings and on the limited impact of existing noise barriers along the tracks. The railway authorities had strong arguments for additional noise abatement measures and are in the process of implementing them on trains, tracks, and rail barriers.
b. Awareness
Awareness, as defined by I-ACT, hinges upon assessing a population's ability to produce a motivated, organized society prepared for change . The Dutch Noise Abatement Society (NSG) is an independent non-government organization ("Dutch Noise" 2015). The NSG supports citizens and groups in addressing complaints, financing targeted educational campaigns, and providing information and workshops for the public, noise experts, and other professionals. 
d. Tools
The types of tools being used in the Netherlands to reduce noise are significant and expanding. The primary tools involve source control, government procurement, altering the built environment through building standards and zoning, and altering the informational environment (Weber 2013 ).
Source control is traditionally considered the most efficient and cost effective way to reduce emissions of a pollutant (Hammer, Neitzel, & Swinburn 2013) Beginning in 2012, noise production ceilings along highways and railways went into effect (Environmental Management Act 2004) . To achieve the limits, reduced traffic speeds, low noise road surfaces, and noise barriers were all considered. Domestic focus is now on striving for more stringent limits for propulsion noise and tire noise for vehicles and trains. To reduce air pollution, and simultaneously reduce noise levels, the cities of Utrecht and Rotterdam recently restricted the use of older, diesel vehicles ("Environmental Zones" 2015) . From 2018 onward, provinces will employ similar instruments, (noise production ceilings along regional roads), and municipalities will have a simplified system of noise limits for spatial and infrastructure planning ("Environmental Zones" 2015) . Restricted zoning will most likely continue to expand in a way that precludes certain types of vehicles from entering the city. Emissions trading and road pricing may also be utilized.
B3. Netherlands Summary
A well-coordinated Dutch administrative body and EU leadership support the Netherlands' measurable aim of stabilizing the percentage of noise-annoyed population, reducing the number of dwellings with high noise exposure levels, and reducing road noise by 2 dB from 1989 levels. And although research funds have been cut, Netherlands still boasts a robust information infrastructure. Despite the availability of information, awareness of the health effects of noise is limited and public momentum usually arises only when there are upcoming changes in noise emissions, for example from a new wind turbine or industry ("Windmolens tasten dorpsqezichtniet ann" 2014). New tools are still being tested and implemented to accomplish the aims. (Figure 2) 
C. Case Study: United Kingdom
C1. The Aim of the UK noise policy
England was among the first countries to confront the phenomena of large-scale noise and to develop associated case law and legislation (Coase 1960 The aim of the UK noise policy is to "promote good health and a good quality of life through the effective management of noise," as stated in the Noise Policy Statement for England 2010 (Environmental aim is translated as an attempt to minimize noise "as far as reasonably practical" using the "best practicable means" (BPM). The aim is thus an evolving concept, to be judged against subjective criteria that adapts to changing economic, social, and technical realities. As a result, taking measurements to track progress and assess whether the aim has been achieved is problematic.
C2. I-ACT framework a. Information
The UK has a history of a robust informational framework to inform spending and decision-making, Data generated as a result of noise mapping led DEFRA to estimate the amenity-value and direct health costs of exposure to road traffic noise at between £7-10 billion per annum in England (Environmental Noise Directive 2014). These figures are now being used in cost-benefit analyses of potential abatement actions, such as the use of low-noise road surfaces. In addition, the maps were used to identify the top 1% of the worst noise-affected households, in order to give these areas priority for investigation. In keeping with the national aims, any final policy resolution as a result of these investigations takes into account local In addition to the NAS, discussed above, there are a number of civic and non-governmental organizations in the UK that are actively involved in educating the public and lobbying the government on noise control issues. The 15 year old UK Noise Association (UKNA) campaigns and lobbies for changes in Government policy to tackle noise more effectively (Stewart 2015) . Together, the NAS and UKNA publicize April 29th as International Noise Awareness Day and both promote a "Noise Manifesto", calling on the Government to pursue six specific measures to improve the noise climate.
Other organizations that engage with noise issues include the National Society for Clean Air and Environmental Protection (NSCA), which produces an annual National Noise Survey of local Environmental Health officers, and the Chartered Institute of Environmental Health (CIEH 2015), which conducts an annual survey of local noise enforcement activity (Hawke et al. 2006) . The information gathered from these surveys resulted in public awareness that was used to inform the tools used in DEFRA policy on noise from mobile food vendors, changes to the entertainment licensing regime, as well as research into the effectiveness of noise policy interventions (CIEH 2015) .
UK media are highly active in disseminating information about the health effects of noise. Recent examples include stories on higher stroke risk linked with road noise ("Noisy Roads" 2015), rising risk of obesity associated with traffic noise (Khomani 2015) , and early deaths linked with high levels of noise pollution ("London Deaths" 2015) .
Following the EU directive, DEFRA publicizes their work and maintains a facility for the public to view noise maps and search for information specific to particular postcodes (Environmental Noise Directive 2014). Overall and especially since the Freedom of Information Act was passed in 2000, the UK government has made significant progress in releasing both raw and processed data freely for both public and research use.
c. Coordination
Institutional responsibility for noise control in England is distributed across several governmental entities. In Wales, Northern Ireland and Scotland, control over housing and environment policy is controlled locally. The Health and Safety Executive (HSE) oversees noise in the workplace. The Civil Aviation Authority (CAA) and Department for Transport deal with noise at airports. And, local authorities are responsible for addressing most of the day-to-day issues of noise regarding construction, neighbour noise, and other statutory nuisance complaints. DEFRA has overall responsibility for managing noise policy in England, fulfilling EU directives, and providing guidance to achieve the national aim.
Local authorities have authority to ensure compliance with building regulations, deal with statutory nuisance noise, and monitor noise at night. Local powers include imposing monetary fines and/or seizing offending equipment. However the authority to monitor night noise is voluntary. Because the costs of these activities must come from local authority general funds (Peters et al. 2011 ), the quality and quantity of night 
d. Tools
The UK uses a number of tools in pursuit of their aim to minimize noise "as far as reasonably practical" using the BPM. The EU directive and The Wilson Report recommend that noise policy focus on prevention and reduction of environmental noise to achieve the aim. A wide range of tools, including traffic smoothing measures, quieter road surfaces, better construction standards, and even rubber bin lids, indicate that this principle continues to guide noise policy (Goldsmith 2012) .
Environmental noise created by industry is regulated through a system of source control and permits. (Peters et al. 2011) . In addition to setting minimum standards for health and safety, the legislation allows compensation to be awarded in some cases (Peters et al. 2011) . The Health and Safety Executive (HSE) maintains a list of case studies where workplace noise has been effectively managed through control techniques such as isolation, substitution, and acoustic absorption (Case Studies 2015).
Airport noise is also limited through source control, as noisy aircraft are being gradually phased out via the imposition of increasingly stringent aircraft certification standards. In addition, Act 1982 gives the Civil Aviation Authority (CAA) and the Department of Transport authority to specify minimum noise routes, limit the frequency of takeoffs and landings, and control the proportion of flights of particular types of aircraft (CAP 1165 (CAP 2014 .
Altering built environments is another tool being used to achieve the aim. Grants are available for acoustic insulation of effected homes near airports (Goldsmith 2012) . Local authorities may provide guidance on measuring and specifying noise limits and insulation targets for floors and walls for new or newly converted dwellings (Stookes 2005) .
When government regulation is insufficient, the Environmental Protection 1990 Act expanded the definition of noise as statutory nuisance (e.g. that can be dealt with in the criminal courts) and specifically allowed for recourse to the civil courts to secure injunctions if necessary. For noise to constitute a statutory nuisance it must either be prejudicial to health or a nuisance, although arguing the former likely requires authoritative scientific evidence (Hawke et al. 2006) . Furthermore, businesses have a defense of "best 20 practicable means" (BPM). When a complaint is filed, the relevant local Environmental Health officer considers the level, type, duration, time of day, and number of people affected when judging whether a noise is a statutory nuisance. They may also weigh the characteristics of the neighborhood and the circumstances (Hawke et al. 2006) . If a statutory nuisance is found to exist, to possibly occur, or to possibly recur, the local authority has a duty to implement a relevant remedy, e.g. serving an abatement notice or prohibiting/restricting an occurrence, if required (Peters et al. 2011; Hawke et al. 2006 ). This process is widely used. For example, in the 2013-2014 CIEH survey of local authority noise enforcement activity, the 150 local authorities who responded (43%) recorded 145,514 noise complaints (representing 5,186 per million population). Of those, 120,950 were "resolved", and 37,105 were categorized as incidences of "statutory nuisances", subject to formal enforcement power (CIEH 2015) .
C3. United Kingdom Summary
UK's noise policy does not have a measurable aim and its tools to reduce noise are used moderately.
However, accessible information and clear leadership have likely led to robust public awareness.
Implementation of the EU directive also has prompted improvements in coordination in line with the UK approach of promoting best practices. (Figure 2) 
DISCUSSION
We have illustrated applications of the dimensions of the I-ACT framework through an analysis of environmental noise pollution policy in the US, the Netherlands, and the UK. Our analysis reveals areas of strength and weakness that can be targeted by various actors to improve environmental health. Looking across all three countries, the need for accurate and complete Information on exposure assessments that can The US aim to eliminate harmful noise exposures among all Americans has not been achieved. In fact, harmful noise exposures appear to have grown from 66 to 104 million Americans (Hammer, Neitzel, & Swinburn 2013) . Although there is some coordination across sectors in the US, the US effort lacks strong leadership and significant funding. Revealing limited information, awareness, leadership, and tools, I-ACT analysis suggests several promising areas for targeted efforts. (Figure 2 ) Adopting similar strategies that led to the high level of Awareness in the UK could benefit the US, especially given the vital role that interests non-governmental organizations play in both countries. Restoring and adequately funding the Quiet Communities Act, directly targeting the leadership and coordination driver, would likely provide a significant boost to all the other drivers. To accomplish this, researchers could collect and share meaningful information with the public. Community groups could use that information, shifting their focus to direct advocacy. And non-governmental organizations could fund and disseminate relevant research specific to the aim.
The Netherlands' aims are less ambitious, but significant progress has been achieved with a robust information system and recognized leadership and coordination among national and local governments and the private sector. (Figure 2 ) Regarding the first aim to stabilize the percentage of noise-annoyed population at the 1985 level, field studies suggest that the percentage of annoyed inhabitants has been stable (Weber 2013 ). The second aim to cap the number of dwellings with noise exposure levels above 65 or 70 dB L DEN at all households is on track, with an insulation program that has been expanded several times. Noise emissions from road traffic have not decreased 2 dB to accomplish the third aim, despite the implementation of more stringent source limits (Weber 2013) . Dutch noise policy in conjunction with the implementation the EU's Environmental Noise Directive has been effective in addressing excessive noise and noise exposure peaks. While the Netherlands' smaller population and government infrastructure may lend itself more readily to a well-integrated noise program, the Dutch example suggests that a strong presence of all I-ACT drivers increases the likelihood of achieving a measurable environmental health aim. And while the Dutch succeed in articulating and achieving their measurable aims to a large extent, their aims may be misdirecting focus away from the larger public health implications of noise in favour of annoyance. The US aim of eliminating, or at least reducing noise harmful to the public health may be worth considering.
Measuring progress on the UK aim to minimize noise as far as reasonably practical using the BPM is difficult given the subjective nature of the aim. However, the UK has a relatively robust information system and a collection of BPM tools. Estimates of aggregate change in noise levels across the UK was not available, but within London, Fecht et al. (2016) find little change in road noise levels between 2003 and 2010. Compared to the US and the Netherlands, the UK also benefits from strong public awareness and more sophisticated non-governmental organizations. DEFRA reports that as of January 2014, 35% of the 1% worst affected households identified in the EU Environmental Noise Directive's Round 1 Noise Action Plans have been investigated and/or resolved (Peters et al. 2011) . Unfortunately, local night noise monitoring remains inconsistent. In general, the government's explicit reliance on cost-benefit analysis for guiding noise policy makes it particularly receptive to evidence-based arguments. Therefore, as scientific evidence on the public health costs of noise increases, the framework is in place for legislation and enforcement to grow. The Netherlands has the potential to serve as a model in Coordination because there is a process to measure and publicize positive progress over time through annual reports to the parliament from an independent research institute. Efforts targeted at clarifying the aim with measurable objectives and consideration of additional tools would likely contribute significantly toward achieving the aim.
Progress in environmental health can seem elusive without a specific aim and a broad roadmap. I-ACT creates the roadmap with roles for researchers, educators, administrators, industry, and citizens. Actors can use this model to help clarify the aim, assess how their work influences the primary drivers of change, and plan strategic efforts to impact their aim.
CONCLUSIONS
Analyses based on I-ACT can facilitate better-informed decision making to plan and implement strategies for optimizing environmental health interventions. Using I-ACT to compare noise pollution policy in the US, the Netherlands, and the UK, we have described each country's efforts to protect health and improve the environment. The four drivers of change we have identified (information, awareness, coordination, and tools) are critical to achieving environmental health aims. While all four drivers are critical components of environmental health improvement, further research is needed to explore which measures within I-ACT are the most appropriate in various cultural, political, and socioeconomic contexts and for different specific environmental health challenges. Further application to other environmental pollutants and to different countries' environmental health initiatives will help improve and refine the I-ACT framework, as well as our understanding of interventions designed to improve environmental health. 
